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by Inventors 
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Background of the Invention 

1. Field of the Invention 

[0001] The present invention relates to semiconductor wafer processing and, more 
particularly, to apparatuses and techniques for more effectively conducting patterning a 
1 5 photoresist in a photolithographic operation. 

2. Description of the Related Art 

[0002] The ability to work selectively on small well defined areas of a substrate is paramount 
in the manufacture of semiconductor devices. In the continuing quest to achieve higher levels 
of performance and higher functional density of the semiconductor devices, the 
20 microelectronics industry is committed to applying new processes to further reduce the 
minimum feature sizes of the semiconductor devices. 

[0003] Figure 1 shows an example of a simplified photolithographic operation 20. In the 
operation 20, a light source 26 generates light which is passed through a reticle 28. Reticles 
are generally manufactured by depositing a chromium photomask on a glass plate that is 

25 transparent. The photomask is then typically coated with a resist, and then a pattern is 
defined in the resist by usage of a pattern generator. The resist is then developed after which 
the photomask is chemically processed to remove everything but the pattern from the glass 
plate. To define a pattern in the resist, the pattern generator utilizes an electron beam to 
generate the features in the resist. The light passed though the reticle 28 may then pattern a 

30 photoresist 24 that has been applied to a surface of the substrate 22. The photoresist may then 
be processed as known by those skilled in the art to generate the desired features on the 
substrate 22. 

[0004] As feature sizes are reduced, the devices can become smaller or remain the same size 
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but become more densely packed. As such, advances in lithographic technologies used to 
pattern the semiconductor devices must keep pace with the progress to reduce feature sizes, in 
order to allow for smaller and more dense semiconductor devices. In order to do this, the 
lithographic technology must increasingly improve its ability to resolve smaller and smaller 
5 line widths. The resolution limit is in good part determined by the wavelength of light used to 
pattern the photoresist. Therefore one of the main ways to reduce the device critical 
dimensions (CD) through lithographic technologies has been to continually reduce the 
wavelength of the radiation used to expose the photoresist to yield well-defined pattern 
profiles. 

10 [0005] High resolution lithographic transmission becomes more of a challenge as wafers 
progress to higher density chips with shrinking geometries. Furthermore, as metallization 
interconnect technology transitions to dual damascene processes, lithography techniques to 
pattern holes or trenches in the dielectric become more critical and has a direct impact on 
yield and reliability. In particular, optical lithographic methods utilizing shorter wavelengths 

15 are often utilized to pattern the photoresist. For example, attempts to use wavelengths as low 
as 157 nm have been made. Unfortunately, present optical lithographic methods and tools 
have to be changed to utilize this shorter wavelength. Regrettably, to change over to the 157 
nm wavelength from a higher wavelength process, optical lithographic tools must generally 
be changed such as using different materials for optics and different lens concepts, as well as 

20 changing the photomask materials. 

[0006] Therefore, there is a need for a method and an apparatus that can utilize the same 
masks, resists, and lens concepts as existing systems but at the same time also provide the 
sharper pattern profile that results from using shorter wavelengths to pattern the photoresist. 

25 SUMMARY OF TTTK INVENTION 

[0007] Broadly speaking, the present invention fills these needs by providing a method and 
apparatus for conducting photolithography in an optimal and effective manner. It should be 
appreciated that the present invention can be implemented in numerous ways, including as a 
process, an apparatus, a system, a device or a method. Several inventive embodiments of the 

3 0 present invention are described below. 

[0008] In one embodiment, a method for processing a substrate is provided which includes 
generating a fluid meniscus to process the substrate where the fluid meniscus is constantly 
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replenished with fluid by addition of the fluid into the fluid meniscus and by removal of the 
fluid from the fluid meniscus by a vacuum. The method also includes applying the fluid 
meniscus to a photoresist on a substrate surface and transmitting a patterned light to the 
photoresist on the substrate surface through the fluid meniscus. 

5 [0009] In another embodiment, an apparatus for processing a substrate is provided which 
includes a proximity head configured to generate a fluid meniscus to facilitate patterning of a 
photoresist on a substrate surface where the fluid meniscus is constantly replenished with 
fluid by addition of the fluid into the fluid meniscus and by removal of the fluid from the 
fluid meniscus by a vacuum. The apparatus also includes a lithography lens 

10 structure at least partially defined, within the proximity head where the lithography lens 
structure has a lithography lens in direct contact with the fluid meniscus during operation. 
The lithography lens structure applies a patterned light from the lithography lens through the 
fluid meniscus to pattern the photoresist on the substrate surface. 

[0010] In yet another embodiment, an apparatus for processing a substrate is provided which 
15 includes a proximity head capable of generating a fluid meniscus to process a substrate 
surface where the fluid meniscus is constantly replenished with fluid by addition of the fluid 
into the fluid meniscus and by removal of the fluid from the fluid meniscus by a vacuum. 
The apparatus further includes a light generating source within the proximity head where the 
light generating source is in direct contact with the fluid meniscus during operation. The light 
20 generating source applies a patterned light into and through the fluid meniscus. The patterned 
light has a first wavelength before entrance into the fluid meniscus and an effective 
wavelength when applied to the photoresist through the fluid meniscus where the effective 
wavelength is shorter than the first wavelength. 

[0011] In another embodiment, a method for processing a substrate is provided which 
25 includes generating a meniscus on the surface of the substrate and applying photolithography 
light through the meniscus to enable photolithography processing of a surface of the 
substrate. 

[0012] In yet another embodiment, a photolithography apparatus is provided which includes a 
proximity head where the proximity head is capable of generating a meniscus on a surface of 
30 a substrate. The apparatus also includes a light source for applying photolithography light 
from the proximity head and through the meniscus where the photolithography light contacts 
the surface of the substrate to enable photolithography processing. 
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[0013] The advantages of the present invention are numerous. Most notably, the apparatuses 
and methods described herein efficiently pattern photoresist in an immersion lithography 
operation by converting a wavelength of an optical signal to a shorter effective wavelength. 
The shorter effective wavelength may be generated using a proximity head with lithography 
5 lens that is capable of directly contacting a fluid meniscus for transmitting optical signals to a 
photoresist layer on a substrate surface through the fluid meniscus. 

[0014] The proximity head with the photolithography lens can optimally manage fluid 
application and removal from the wafer thereby generating the fluid meniscus through which 
the optical signal may be sent. The fluid meniscus can be effectively moved without losing 

10 significant stability and in addition can be constantly replenished with new liquid thereby 
enhancing the photolithography process by significantly reducing bubbling and contamination 
within the fluid meniscus. Moreover, with the use the fluid meniscus as described herein, 
contamination left on the wafer surface can be dramatically reduced. As a result, by using the 
fluid meniscus that can shorten the effective wavelength of the optical signal from the 

15 lithography lens, equipment such as lens and optical apparatus generally used for longer 
wavelength photolithographic methods may be utilized to generate a much more precise and 
sharp patterning than is generally available. 

[0015] Other aspects and advantages of the present invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
20 illustrating by way of example the principles of the present invention. 

brief Description of the Drawings 

[0016] The present invention will be readily understood by the following detailed description 
in conjunction with the accompanying drawings. To facilitate this description, like reference 
25 numerals designate like structural elements. 

[0017] Figure 1 shows an example of a simplified photolithographic operation. 

[0018] Figure 2 shows a wafer processing system in accordance with one embodiment of the 

present invention. 

[0019] Figure 3A illustrates a proximity head with lithography lens structure in accordance 
30 with one embodiment of the present invention. 

[0020] Figure 3B shows a side view of an internal structure of the proximity head in 
accordance with one embodiment of the present invention. 
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[0021] Figure 3C shows the proximity head in operation in accordance with one embodiment 
of the present invention. 

[0022] Figure 4A illustrates a proximity head with an alternative exemplary inlet/outlet 
configuration in accordance with one embodiment of the present invention. 
5 [0023] Figure 4B shows a side view of an internal structure of the proximity head with the 
alternative exemplary inlet/outlet configuration in accordance with one embodiment of the 
present invention. 

[0024] Figure 4C shows the proximity head conducting lithographic operations in accordance 
with one embodiment of the present invention. 

10 

nTT.TATT.FT) DESCRIPTION 
[0025] An invention for methods and apparatuses for processing a substrate is disclosed. 
Specifically, an efficient and effective way of patterning photoresist in a photolithographic 
operation is provided. In the following description, numerous specific details are set forth in 
15 order to provide a thorough understanding of the present invention. It will be understood, 
however, by one of ordinary skill in the art, that the present invention may be practiced 
without some or all of these specific details. In other instances, well known process 
operations have not been described in detail in order not to unnecessarily obscure the present 
invention. 

20 [0026] While this invention has been described in terms of several preferable embodiments, 
it will be appreciated that those skilled in the art upon reading the preceding specifications 
and studying the drawings will realize various alterations, additions, permutations and 
equivalents thereof. It is therefore intended that the present invention includes all such 
alterations, additions, permutations, and equivalents as fall within the true spirit and scope of 

25 the invention. 

[0027] The figures below illustrate embodiments of an exemplary wafer processing system 
where optimized photolithographic operations may be conducted. Specifically, the figures 
below illustrate embodiments of an exemplary wafer photolithographic system using 
proximity heads to generate a fluid meniscus in a controlled environment that includes a 
30 lithography lens structure located at least partially within a proximity head. In one 
embodiment, the lithography lens may contact the fluid meniscus and transmit patterned 
optical signals through the fluid meniscus to a photoresist that has been applied to a surface 
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of the substrate. It should be appreciated that application of a photoresist onto a substrate is 
well known to those skilled in the art. By transmitting the optical signals through the fluid 
meniscus and applying the optical signals to the photoresist, the wavelength of the optical 
signal may be changed to a shorter effective wavelength thereby resulting in more precise 
5 patterning of the photoresist. Consequently, a more precise way of patterning photoresist 
may be utilized to generate smaller critical dimensions leading to smaller and more dense 
features within a semiconductor wafer. 

[0028] It should be appreciated that the systems described herein are exemplary, and that any 
other suitable type of configuration that would enable movement of the proximity head(s) 

10 into close proximity to the wafer may be utilized. In the embodiments shown, the proximity 
head(s) may move in any fashion to facilitate photoresist patterning. In one embodiment, the 
proximity head may be configured to move in any manner typically associated with a stepper 
mechanism as known to those known skilled in the art. In another embodiment, the 
proximity head may move in a rasterized movement. In another embodiment, the proximity 

1 5 head(s) may be moved in a linear fashion from a center portion of the wafer to the edge of the 
wafer. It should be appreciated that other embodiments may be utilized where the proximity 
head(s) move in a linear fashion from one edge of the wafer to another diametrically opposite 
edge of the wafer, or other non-linear movements may be utilized such as, for example, in a 
radial motion, in a circular motion, in a spiral motion, in a zig-zag motion, etc. The motion 

20 may also be any suitable specified motion profile as desired by a user as long as the desired 
photolithographic patterning of the wafer is accomplished. In addition, the proximity head 
and the wafer processing system described herein may be utilized to photohthographically 
pattern any shape and size of substrates such as for example, 200 mm wafers, 300 mm 
wafers, flat panels, etc. 

25 [0029] It should be appreciated that the methods and apparatuses discussed herein may be 
utilized in any suitable wafer processing system. It should also be appreciated that the 
lithography lens may be utilized with any suitable proximity head that can generate a stable 
but dynamic fluid meniscus that can contact the lithography lens to photolithographically 
pattern a photoresist on a wafer surface. The lithography lens as utilized herein may be any 

30 suitable type of lithographic apparatus that can transmit patterned light through the lens to 
pattern a photoresist. In one embodiment, the lithography lens can be a part of a lithographic 
lens structure that is attached to a column system to form a photolithographic light system 
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which can include a light source, a reticle, and one or more lens. 

[0030] Figure 2 shows a wafer processing system 100 in accordance with one embodiment of 
the present invention. The system 100 includes a proximity head 106 which may generate a 
fluid meniscus 112 as discussed herein. In one embodiment the proximity head 106 may be 
5 held by an arm 104 and be moved into close proximity above a wafer 108 that has a 
photoresist 110 applied onto a top surface. The wafer 108 may have any suitable type of 
layers, levels, or materials underneath the photoresist 110 depending on the wafer structure(s) 
desired. In one embodiment, the wafer 108 may be held by a chuck 116. It should be 
understood that the wafer 108 may be held or supported in any other suitable manner such as, 

1 0 for example, by rollers holding the wafer 1 08 by the edges. 

[0031] It should also be appreciated that the system 100 may be configured in any suitable 
manner as long as the proximity head(s) may be moved in close proximity to the wafer to 
generate and control a meniscus while patterning a photoresist layer by a lithography lens 
structure 200 that contacts the fluid meniscus 112. The lithography lens structure 200 is 

15 described in further detail in reference to Figures 3 A through 4C. It should also be 
understood that close proximity may be any suitable distance from the wafer as long as a 
meniscus may be maintained and patterning of the photoresist may occur. In one 
embodiment, the proximity head 106 (as well as any other proximity head described herein) 
may be located between about 0.1 mm to about 10 mm from the wafer 108 to generate the 

20 fluid meniscus 112 on the wafer surface. In a preferable embodiment, the proximity head 106 
(as well as any other proximity head described herein may each be located about 0.5 mm to 
about 4.5 mm from the wafer to generate the fluid meniscus 1 12 on the wafer surface, and in 
preferable embodiment, the proximity head 106 may be located about 2 mm from the wafer to 
generate the fluid meniscus 1 12 on the wafer surface. 

25 In one embodiment, the system 100, the proximity head 106 may be moved from patterned to 
unpatterned portions of the photoresist that has been applied to the wafer 108. It should be 
appreciated that the proximity head 106 may be movable in any suitable manner that would 
enable movement of the proximity head 106 to pattern the photoresist layer on the wafer 108 
as desired as discussed above. The proximity head 106 of the wafer processing system 100 

30 may also be any suitable size or shape as shown by, for example, any of the proximity heads 
as described herein. The different configurations described herein can therefore generate a 
fluid meniscus between the proximity head and the wafer, and in addition, the lithography 
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lens structure 200 may apply a patterning light (also known as patterned light) onto the 
photoresist 1 10 through a lens that is in direct contact with the fluid meniscus 1 12. Once the 
light moves directly from the lens to the fluid meniscus 112, depending on the refractive 
index of the fluid, the effective wavelength of the light may be a much shorter effective 

5 wavelength that the wavelength of the light before entrance into the fluid meniscus. It should 
be appreciated that any suitable liquid that may shorten the effective wavelength of the light 
applied from the lithography lens may be used such as, for example, water, aqueous solutions 
of sucrose, maltose, or chloride salts, etc. By positioning the fluid meniscus in direct contact 
with the lens and the photoresist, refraction at the meniscus-lens interface and the liquid- 

10 photoresist interface are significantly reduced or eliminated. This may enable the patterned 
light from the lens of the lithography lens to move through the meniscus without refraction 
which can reduce the effective wavelength of the patterned light using the formula as 
indicated in Table 1 below. 



15 



Table 1 



Effective = — ; — : — ; 

refractive index 



20 

[0032] In the above equation, X is the wavelength of the patterned light before entry into the 
fluid meniscus and Effective is the effective wavelength of the patterned light that is applied to 
the photoresist on a wafer surface. In one embodiment, water may be utilized as the fluid for 
the immersion lithography. Water has a refractive index of 1.43 and therefore, if the 

25 lithography lens applies a wavelength of 193 nm to the fluid meniscus, the effective 
wavelength of the optical signal applied to the photoresist may be shortened to about 135 run. 
Therefore, by using a configuration where the lithography lens directly contacts the liquid of 
the fluid meniscus, the effective wavelength of light from the lithography lens may be 
decreased significantly. The decreased effective wavelength light hitting the photoresist on 

30 the wafer surface may pattern the photoresist into any suitable pattern desired. It should be 
appreciated that the light from a light source may be sent through a reticle which may 
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generate the pattern desired. The light source may be any suitable apparatus that may 
generate an optical signal that can pattern a photoresist such as, for example, a UV lamp, an 
excimer laser, etc. The reticle may be generated by any suitable method as known to those 
skilled in the art. 

5 [0033] In one embodiment, the lithography lens structure 200 is attached to a patterned light 
generating apparatus such as, for example, the column system 202 as shown in Figure 2. The 
column system 202 may be any suitable apparatus that has the light source and the reticle 
where unpatterned light from the light source may be transmitted through the reticle to 
generate the patterned light for transmission through the lithography lens structure 200 for 

10 patterning of the photoresist 110. It should be appreciated that lithography lens structure 200 
may be any suitable structure of any suitable configuration and/or size that is at least partially 
definable within the proximity head that can also facilitate transmission of the patterned light 
signal from the column system 202 to the fluid meniscus 112. In one embodiment, the 
patterned light can be transmitted from the column system 202 through the lens of the 

15 lithography lens structure 200 directly to the fluid meniscus 112. From there, the patterned 
light can travel through the fluid meniscus 112 to the photoresist 110 on the surface of the 
wafer 108. The patterned light can then applied to the photoresist 110 so the pattern is 
imposed on the photoresist 1 10. Therefore, in one embodiment, the lithography lens structure 
200 can include one or more lens within a passage that extends through the lithography lens 

20 structure 200 so light transmission from a top portion the proximity head 106 to a bottom 
portion of the proximity head 106 is generated. It should be appreciated that the patterned 
light may be generated in any suitable fashion and the embodiments described herein are 
merely exemplary in nature. 

[0034] The fluid meniscus may be moved across the wafer to process the wafer by applying 
25 fluid to the wafer surface and removing fluids from the surface while at the same time 
applying a patterning light to the photoresist on the wafer surface. In one embodiment, a 
stepper apparatus may be used to move the lithography lens over portions of the wafer to be 
patterned. The wafer 108 may also be moved in a rasterized motion as the photolithographic 
patterning operation progresses. It should also be appreciated that the system 100 may 
30 process one surface of the wafer or both the top surface and the bottom surface of the wafer. 
[0035] In one embodiment, the fluid meniscus 1 12 may be generated by applying fluids to the 
wafer surface and removing the fluids from the wafer surface through conduits such as the 
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source inlets and source outlets located in the proximity head as described herein. It should 
be appreciated that conduits such as, for example, inlets and outlets, may have openings 
located on a face of the proximity head and may be in any suitable configuration as long as a 
stable meniscus as described herein may be utilized. 
5 [0036] In one exemplary embodiment, at least one gas inlet may be adjacent to at least one 
vacuum outlet which may be in turn adjacent to at least one processing fluid inlet to form an 
gas-vacuum-processing fluid orientation. It should be appreciated that other types of 
orientations such as gas-processing fluid-vacuum, processing fluid-vacuum-gas, vacuum-gas- 
processing fluid, etc. may be utilized depending on the wafer processes desired and what type 

10 of wafer processing mechanism is sought to be enhanced. In another embodiment, the gas- 
vacuum-processing fluid orientation may be utilized to intelligently and powerfully generate, 
control, and move the meniscus located between a proximity head and a wafer to process 
wafers. By having the ability to manage the fluid meniscus, the lithography lens may be kept 
in a position so the liquid/lens interface and the liquid/photoresist interface can reduce the 

1 5 effective wavelength of the optical signal being applied to the photoresist. 

[0037] The processing fluid inlets, the gas inlets, and the vacuum outlets may be arranged in 
any suitable maimer if the fluid meniscus may be generated and maintained in a stable 
manner. For example, in addition to the gas inlet, the vacuum outlet, and the processing 
fluid inlet, in an additional embodiment, there may be additional sets of gas inlets, processing 

20 fluid inlets and/or vacuum outlets depending on the configuration of the proximity head 
desired. It should be appreciated that the exact configuration of the gas-vacuum-processing 
fluid orientation may be varied depending on the application. For example, the distance 
between the gas inlet, vacuum, and processing fluid inlet locations may be varied so the 
distances are consistent or so the distances are inconsistent. In addition, the distances 

25 between the gas inlet, vacuum, and processing fluid inlet may differ in magnitude depending 
on the size, shape, and configuration of the proximity head 106 and the desired size of a 
process meniscus (i.e., meniscus shape and size). 

[0038] In one embodiment, the proximity head 106 may be positioned in close proximity to a 
top surface of the wafer 108 and may utilize the gas and processing fluid inlets and a vacuum 
30 outlet(s) to generate wafer processing meniscuses in contact with the wafer 108 which are 
capable of processing the top surface. In one embodiment, JPA/N 2 vapor gas may be inputted 
as the gas through the gas inlet and deionized water may be inputted as the processing fluid 
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through the processing fluid inlet. At substantially the same time the EPA and the processing 
fluid are inputted, a vacuum may be applied in close proximity to the wafer surface to remove 
the IPA vapor, the processing fluid, and/or the fluids that may be on the wafer surface. It 
should be appreciated that although IPA is utilized in the exemplary embodiment, any other 
5 suitable type of vapor may be utilized such as for example, any suitable vapor of alcohols 
(ethanol, propanol, butanol, hexanol etc.), ketones, ethers, or other organic compounds, etc. 
that may be miscible with the liquid being used to generate the fluid meniscus the vapor of 
which can be carried via an inert gas. The portion of the processing fluid that is in the region 
between the proximity head and the wafer is the meniscus. It should be appreciated that as 
10 used herein, the term "output" can refer to the removal of fluid from a region between the 
wafer 108 and a particular proximity head, and the term "input" can be the introduction of 
fluid to the region between the wafer 108 and the particular proximity head. 
[0039] In one embodiment, the system 100 further includes a fluid supply distributor that can 
supply to, and remove fluids from, the proximity head 106. It should be appreciated that the 
1 5 fluid supply distributor may be any suitable apparatus that can supply and receive fluids in an 
controlled manner such as, for example, a manifold. In one embodiment, the fluid supply 
distributor receives fluid from a fluid supply. The fluid supply may be managed and 
controlled by a fluid supply control which may be any suitable hardware/software that can 
manage fluid input to the proximity head 106. The proximity head 106 may then produce the 
20 meniscus 1 12 that can process the wafer 108. 

[0040] Figure 3A illustrates a proximity head 106 with the lithography lens structure 200 in 
accordance with one embodiment of the present invention. As discussed above, the 
lithography lens 200 may be connected to any suitable apparatus that can generate the 
patterned light which can pattern a photoresist on a wafer surface. In one embodiment, as 
25 shown in Figure 2, the patterned light generating apparatus is the column system 202 that can 
be attached to a top portion of the lithography lens structure 200. The lithography lens 
structure 200 may include a lens capable of directly contacting the fluid meniscus to transmit 
the patterned light to the photoresist through the fluid meniscus. In one embodiment, the lens 
may be made from any suitable material that can transmit the desired wavelength of light, 
30 such as, for example, CaF2, quartz, etc. 

[0041] In one embodiment, the proximity head 106 includes inlets 302 and 306 as well as 
outlets 304. In an exemplary embodiment of an immersion lithography operation, the 
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proximity head 106 may produce a fluid meniscus through which the lithography lens 
structure 200 may pass a patterning light to pattern the photoresist that is on the surface of the 
wafer 108 (as discussed in further detail in reference to Figures 3B and 3C). The inlets 302 
and 306 may input any suitable surface tension reducing gas/vapor and processing fluid 
5 respectively depending on the specific wafer processing operation desired. An outlet 304 
may generate a vacuum which can remove any suitable amount of the surface tension 
reducing gas and the processing fluid (as well as any other fluid on the wafer 108) from a 
surface of the wafer 108. As a result, the proximity head 106 can enable the generation of the 
fluid meniscus as described herein to create a fluid medium through which a patterning light 

10 may be transmitted. In such an exemplary embodiment, the proximity head 106 may process 
the wafer 108 so a pattern as defined by the reticle inside of a column structure may be 
transferred to the photoresist by passing the patterned light through the lens of the lithography 
lens structure 200. The lens may be in direct contact with the fluid meniscus so the patterned 
light from the lens may be transmitted into and through the fluid meniscus to the photoresist 

1 5 which may be in direct contact with the fluid meniscus generated by the proximity head 1 06. 
When the patterned light moves from the lithography lens to the fluid meniscus, the refractive 
index of the fluid meniscus may reduce the effective wavelength of the patterned light that is 
applied to the photoresist. 

[0042] It should be appreciated that in another embodiment of the proximity head 106, the 
20 inlets 302 may be eliminated so just the inlets 306 and outlets 304 remain. In such a 
configuration, the region where the outlets 304 and inlets 306 are located may be indented as 
compared with the rest of the processing surface of the proximity head 106. Consequently, 
the fluid meniscus may be contained within the indented region without the need to apply a 
confinement gas and/or a surface tension altering gas. Therefore, a processing fluid may be 
25 inputted through the inlets 306 and the processing fluid may be removed through the outlets 
304 to generate a stable meniscus through which photolithography may take place. 
[0043J Figure 3B shows a side view of an internal structure of the proximity head 106 in 
accordance with one embodiment of the present invention. In one embodiment, the proximity 
head 106 includes source inlets 302 and 306 as well as a source outlet 304. In one 
30 embodiment, as the processing fluid such as, for example, deionized water (DIW) is applied 
against the wafer surface through the source inlets 306, the fluid forms the fluid meniscus that 
may be confined by the application of a gas such as, for example, IPA/N2 through the source 



WO 2005/003864 



PCT/US2004/020332 



13 

inlets 302 and the vacuum 304 that removes the IPA/N 2 and DIW. The fluid meniscus 
contacts both a lens of the lithography lens structure 200 and the photoresist on the wafer 
surface to provide a medium through which the patterning light from the lithography lens 
structure 200 may be applied to the photoresist. In one embodiment, the lithographic lens 

5 structure 200 includes a lens 200a that can transmit the patterned light from the column 
system directly to the fluid meniscus. As discussed above, the source inlet 302 may input any 
suitable type of gas that can reduce the surface tension of the liquid that makes up the fluid 
meniscus. In one embodiment, the gas generates a surface tension gradient at a liquid/gas 
border of the fluid meniscus. In one embodiment, the gas is a suitable vapor of a tensioactive 

10 fluid such as those from the group of alcohols, ketones, or other organic compounds with 
tensioactive properties that may be miscible with the liquid being used to generate the fluid 
meniscus. In a preferable embodiment, the gas is an isopropyl alcohol vapor in nitrogen gas 
(IPA/N2). In such an embodiment, the IPA/N2 can reduce the surface tension of liquids such 
as, for example, water. Therefore, because in one embodiment, DIW within the fluid 

15 meniscus is being constantly replenished, the wafer surface may be kept in a substantially 
clean state during the lithographic operation. In addition, the hardware forming and 
mamtaining the fluid meniscus may be configured so bubbling within the fluid meniscus may 
be kept at a minimum or eliminated all together thereby optimizing the patterning operation. 
In such a fashion, a stable meniscus may be generated that does not leave contamination on 

20 the wafer surface because the water/gas eliminates the water beading effect that can leave 
contaminants on the wafer surface, thereby leaving a dry clean surface after processing. 
[0044] In a further embodiment, the fluid meniscus may be maintained at a tightly controlled 
temperature to control the effective wavelength; additionally, the temperature can be lowered 
to increase the refractive index of the fluid, and hence lowering the effective wavelength. 

25 [0045] Figure 3C shows the proximity head 106 in operation in accordance with one 
embodiment of the present invention. In this embodiment, the proximity head 106 is in 
operation and has generated a fluid meniscus 112 with a liquid/gas interface 388. In one 
embodiment, a liquid with a refractive index that can reduce the effective wavelength of light 
from the lithography lens structure 200 such as, for example, deionized water (DIW) is 

30 inputted as shown by direction arrow 314. In addition, a gas vapor such as, for example, a 
tensioactive gas like IPA/N2, may be inputted as shown by direction arrow 310. The DIW 
and the IPA/N2 may be removed from the photoresist on the wafer surface as shown by 
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direction arrow 312. In one embodiment, a vacuum is applied thereby removing the DIW and 
the IPA/N2. By this method, the fluid meniscus 1 12 may be generated on the wafer surface 
through which the lithography lens structure 200 may apply a patterned light 400. Because 
the lens 200a of the lithography lens structure 200 contacts the fluid meniscus 112 and the 
5 fluid meniscus 112 contacts the photoresist, Ihe refractive index of the liquid making up the 
fluid meniscus 112 may reduce the effective wavelength of the patterned light 400 that is 
applied from the lithography lens structure 200 to the photoresist 110. In such an 
embodiment, the lens 200a of the lithography lens structure 200 forms a lens/liquid interface 
402 with the fluid meniscus 1 12 and the fluid meniscus 1 12 in turn forms a liquid-photoresist 
10 interface 404 with the photoresist 110. Consequently, the patterned light 400 can travel from 
the lithography lens structure 200 through the meniscus to the photoresist to pattern a region 
390 of the photoresist 1 10 on the wafer 108. 

[0046] Figure 4 A illustrates a proximity head 106' with an alternative exemplary inlet/outlet 
configuration in accordance with one embodiment of the present invention. In one 

15 embodiment, the proximity head 106' includes the lithography lens structure 200 with source 
inlets 306 on one side of the proximity head 106'. The proximity head 106* also includes 
source outlets 304 on the other side of the lithography lens structure 200. In one 
embodiment, source inlets 302 may substantially surround the lithography lens structure 200, 
the source inlets 302, and the source outlets 304. 

20 [0047] Figure 4B shows a side view of an internal structure of the proximity head 106' with 
the alternative exemplary inlet/outlet configuration in accordance with one embodiment of 
the present invention. In one embodiment, the proximity head 106' includes the lithography 
lens structure 200 that includes the lens 200a that can transmit the patterned light generated 
by the column system that can be attached to a top portion of the lithography lens structure 

25 200. The patterned light corresponds to the pattern desired to be generated on the photoresist 
on the wafer surface to be processed. The proximity head 106* may include source inlets 302 
and 306 on one side of the lithography lens structure 200 with a source inlet 302 and source 
outlet 304 on the other side of the lithography lens structure 200. In such a configuration, 
liquid inputted through the source inlet 306 may be applied against the photoresist layer on 

30 the wafer surface. The source inlets 302 may apply gas to the wafer surface which in effect 
applies the gas against the liquid from the source inlet 306 so the liquid from the source inlets 
302 may be contained. The source outlet 304 may remove the liquid from the source inlets 
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302 as well as some of the gas from the source inlet 302 that is on the same side as the source 
outlet 304. This embodiment therefore also generates a stable fluid meniscus that facilitates 
the lithography operations described herein. 

[0048] Figure 4C shows the proximity head 106' conducting lithographic operations in 
5 accordance with one embodiment of the present invention. In one embodiment, the proximity 
head 106' has generated the fluid meniscus 112 with the liquid/gas interface 388. hi one 
embodiment, a liquid with a refractive index that can reduce the effective wavelength of light 
from the lithography lens structure 200 such as, for example, deionized water (DIW) is 
inputted as shown by direction arrow 314. In addition, a surface tension reducing gas such as, 

10 for example, n»A/N 2 , may be inputted as shown by direction arrow 310. The DIW and the 
IPA/N2 may be removed from the photoresist on the wafer surface as shown by direction 
arrow 312. By this method, a dynamic fluid meniscus may be generated on the wafer surface 
through which the lithography lens structure 200 may apply a patterned light 400. The 
patterned light 400 may move from the lithography lens structure 200 to the photoresist 

15 through the fluid meniscus. Because the lithography lens structure 200 contacts the fluid 
meniscus 1 12, the refractive index of the liquid making up the fluid meniscus 112 may reduce 
the effective wavelength of the patterned light 400 from the lithography lens structure 200. 
The patterned light 400 whose effective wavelength has been reduced may pattern the region 
390 of the photoresist on the wafer surface. In such an embodiment, the lens 200a of the 

20 lithography lens structure 200 may form the lens-liquid interface 402 with the fluid meniscus 
1 12 and the fluid meniscus 1 12 may in turn form the hquid-photoresist interface 404 with the 
photoresist 110. Consequently, the patterned light 400 can travel from the lithography lens 
structure 200 through the meniscus to the photoresist to pattern a region 390 of the 
photoresist on the wafer 108. 

25 [0049] While this invention has been described in terms of several preferred embodiments, it 
will be appreciated that those skilled in the art upon reading the preceding specifications and 
studying the drawings will realize various alterations, additions, permutations and equivalents 
thereof. It is therefore intended that the present invention includes all such alterations, 
additions, permutations, and equivalents as fall within the true spirit and scope of the 

30 invention. 

[0050] What is claimed is: 
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CLAIMS 

1 . An apparatus for processing a substrate, comprising: 

a proximity head configured to generate a fluid meniscus to facilitate patterning of a 
photoresist on a substrate surface, the fluid meniscus being constantly replenished with fluid 
5 by addition of the fluid into the fluid meniscus and by removal of the fluid from the fluid 
meniscus by a vacuum; and 

a lithography lens structure at least partially defined within the proximity head, the 
lithography lens structure having a lithography lens configured to be in direct contact with the 
fluid meniscus during operation, the lithography lens structure configured to apply a patterned 
10 light from the lithography lens through the fluid meniscus to pattern the photoresist on the 
substrate surface. 

2. An apparatus for processing a substrate as recited in claim 1, wherein the 
lithography lens structure is attached to a column system which includes a light source and a 

1 5 reticle for generating the patterned light. 

3. An apparatus for processing a substrate as recited in claim 1, wherein the 
proximity head includes a plurality of conduits capable of defining the fluid meniscus. 

20 4. An apparatus for processing a substrate as recited in claim 3, wherein the 

plurality of conduits includes at least one of a first inlet for applying the fluid to the 
photoresist, a second inlet for applying a gas to the photoresist, and an outlet for removing the 
fluid and the gas from the photoresist. 

25 5 . An apparatus for processing a substrate as recited in claim 3, wherein the 

lithography lens is substantially surrounded by the plurality of conduits. 

6. An apparatus for processing a substrate as recited in claim 1, wherein the fluid 
has a refractive index greater than 1 . 



WO 2005/003864 



PCT/US2004/020332 



17 

7. An apparatus for processing a substrate as recited in claim 1, wherein the 
patterned light has a first wavelength before entering the fluid meniscus, and the patterned 
light when transmitted through the fluid meniscus and applied to the photoresist has a 
effective wavelength shorter than the first wavelength. 

5 

8. An apparatus for processing a substrate as recited in claim 4, wherein the gas 
is a vapor gas that promotes a surface tension gradient at a border of the fluid meniscus. 

9. An apparatus for processing a substrate as recited in claim 8, wherein the 
1 0 vapor gas is one of an alcohol vapor, a ketone vapor, and an ether vapor in an inert gas. 

10. An apparatus for processing a substrate as recited in claim 8, wherein the 
vapor gas is IPA/N2. 

15 ll. A method for processing a substrate, comprising: 

generating a meniscus on a surface of the substrate; and 

applying photolithography light through the meniscus to enable photolithography 
processing of the surface of the substrate. 

20 12. A method for processing a substrate as recited in claim 11, wherein applying 

the photolithography light through the meniscus includes transmitting an unpatterned light 
through a reticle to generate the photolithography light. 

13. A method for processing a substrate as recited in claim 11, wherein applying 
25 the photolithography light includes transmitting the photolithography light from a lithography 

lens through the meniscus while the lithography lens is in direct contact with the meniscus. 

14. A method for processing a substrate as recited in claim 11, wherein generating 
a meniscus on the surface of the substrate includes, 
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applying a fluid to the surface of the substrate through a first inlet of a proximity head, 
applying a gas to the surface of the substrate through a second inlet of the proximity 
head, the meniscus being confined by the application of the gas, and 

removing the fluid and an amount of the gas from the surface through an outlet of the 
5 proximity head. 

15. A method for processing a substrate as recited in claim 14, wherein the gas 
promotes a surface tension gradient at a liquid/gas interface of the meniscus. 

10 16. A method for processing a substrate as recited in claim 1 1 , wherein the 

meniscus is a fluid meniscus which is constantly replenished with fluid by addition of the 
fluid into the fluid meniscus and by removal of the fluid menicus by a vacuum. 

17. A method for processing a substrate as recited in claim 14, wherein the fluid 
1 5 has a refractive index greater than 1 . 

18. A method for processing a substrate as recited in claim 1 4, wherein the fluid is 
deionized water and the gas is an IPA/N2 vapor gas. 

20 19. A method for processing a substrate as recited in claim 11, wherein the surface 

of the substrate includes a photoresist layer, the meniscus being applied on the photoresist 
layer. 

20. A method for processing a substrate as recited in claim 19, wherein applying 
25 photolithography light through the meniscus includes transmitting a patterned light to the 
photoresist layer through the meniscus and the patterned light has a first wavelength before 
entering the meniscus and the the patterned light when transmitted through the fluid meniscus 
and applied to the photoresist has an effective wavelength shorter than the first wavelength. 
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21. A photolithography apparatus, comprising: 

a proximity head, the proximity head being capable of generating a meniscus on a 
surface of a substrate; and 

a light generating source for applying photolithography light from the proximity head 
5 and through the meniscus, the photolithography light being configured to contact the surface 
of the substrate to enable photolithography processing. 

22. A photolithography apparatus as recited in claim 21, wherein the proximity 
head includes a plurality of conduits capable of defining the meniscus. 

23. A photolithography apparatus as recited in claim 22, wherein the plurality of 
conduits includes a first inlet for applying a fluid to the surface of the substrate, a second inlet 
for applying a gas to the surface of the substrate, and an outlet for removing the fluid and the 
gas from the surface of the substrate. 

24. A photolithography apparatus as recited in claim 2 1 , wherein the meniscus is 
made up of a fluid with a refractive index greater than 1. 

25. A photolithography apparatus as recited in claim 23, wherein the gas is a 
20 vapor gas that promotes a surface tension gradient at a liquid/gas interface of the meniscus. 

26. A photolithography apparatus as recited in claim 2 1 , wherein the light 
generating source is at least partially defined within the proximity head. 

25 27. A photolithography apparatus as recited in claim 2 1 , wherein the light 

generating source is configured to be in direct contact with the fluid meniscus during 
operation and the light generating source is capable of applying a patterned light into and 
through the meniscus. 

28. A photolithography apparatus as recited in claim 27, wherein the 
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photolithography light has a first wavelength before entrance into the meniscus and an 
effective wavelength when applied to the surface of the substrate through the meniscus, the 
effective wavelength being shorter than the first wavelength. 

5 29. A photolithography apparatus as recited in claim 21, wherein the light 

generating source comprises a column system and a lithography lens structure, the column 
system including a light source and a reticle for generating the photolithography light, the 
lithography lens structure including a lens configured to be in direct contact with the 
meniscus in operation and further configured to directly apply the photolithography light to 
10 the meniscus. 

30. A photolithography apparatus as recited in claim 22 wherein the plurality of 
conduits substantially surrounds a lens of the light generating source. 

15 31. A photolithography apparatus as recited in claim 21 wherein the 

photolithography light is a patterned light. 



WO 2005/003864 



PCT/US2004/020332 



1/7 



26 

-X 

Light 
Source 



20 



-28 



24 

1 



Wafer 



22 



Fig. 1 (Prior AH) 



WO 2005/003864 



PCT/US2004/020332 




116 



Fig. 3A 



O o o00 °o^ 


-302 


o°o 0 o ° 




° ° o cyX ° ° 








p ° o o4° 


•306 


^304 





106 



WO 2005/003864 



PCT/US2004/020332 



3/7 




WO 2005/003864 



PCT/US2004/020332 



4/7 




WO 2005/003864 



PCT/US2004/020332 



5/7 




Fig. 4A 



WO 2005/003864 



PCTYUS2004/020332 




WO 2005/003864 



PCT/US2004/020332 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 

International Bureau 

(43) International Publication Date 
13 January 2005 (13.01.2005) 



hp 

m 



PCT 



(10) Internationa] Publication Number 

WO 2005/003864 A3 



(51) International Patent Classification 7 : 



G03F 7/20 



(21) International Application Number: 

PCT/US2004/020332 

(22) International Filing Date: 23 June 2004 (23.06.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

10/606,022 
10/834,548 



24 June 2003 (24.06.2003) US 
28 April 2004 (28.04.2004) US 



(71) Applicant (for all designated States except US): LAM 
RESEARCH CORPORATION [US/US]; 4650 Cushing 
Parkway, Fremont, CA 94538 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HEMKER, David 
[US/US]; 11470 Enchanto Vista Drive, San Jose, CA 
95127 (US). REDEKER, Fred, C. [US/US]; 1801 Sioux 
Drive, Fremont, CA 94539 (US). BOYD, John [US/US]; 
8730 Sierra Vista Road, Atascadero, CA 93422 (US). 



DE LARIOS, John, M. [US/US] ; 941 Loma Verde, Palo 
Alto, CA 94303 (US). RAVKIN, Michael [US/US]; 1215 
W. Knickerbocker Drive, Sunnyvale, CA 94087 (US). 
KOROLIK, Mikhail [US/US]; 1751 Wayne Circle, San 
Jose, CA 95131 (US). 

(74) Agent: MIZUMOTO, Edmund, H.; Martine & Penilla, 
LLP, 710Lakeway Drive, Suite 170, Sunnyvale, CA 94085 
(US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, 1L, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 

[ Continued on next page J 



(54) Title: APPARATUS AND METHOD FOR PROVIDING A CONFINED LIQUID FOR IMMERSION LITHOGRAPHY 



314 



310 



< 
00 



ID 
O 




390 



(57) Abstract: A method for processing a substrate is provided which includes generating a meniscus on the surface of the substrate 
and applying photolithography light through the meniscus to enable photolithography processing of a surface of the substrate. 



WO 2005/003864 A3 llllllill 



FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



(88) Date of publication of the international search report: 

14 April 2005 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERNATIONAL SEARCH REPORT 


lnternl|^^at Application No 

PCT/US2004/020332 


A. CLASSIFICATION OF SUBJECT MATTER 
TPT 7 fiO^F7/?0 




According to International Patent Classification (IPC) orto both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (ciassification system followed by classification symbols) 

IPC 7 G03F 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 99/49504 Al (NIKON CORPORATION; F UK AM I , 


1-3,5-7, 




Y0SHIO; MAGOME, NOBUTAKA) 


11-13, 




30 September 1999 (1999-09-30) 


16, 






19-22, 






24,26-31 




the whole document 


X 


OWA S ET AL: "Immersion lithography; its 


1-3,5-7, 




potential performance and issues" 


11-13, 




PROCEEDINGS OF THE SPIE, SPIE, BELLINGHAM, 


16, 




VA, US, 


19-22, 




vol. 5040, no. 1, 


24,26-31 




28 February 2O03 (2003-02-28), pages 




724-733, XP002294500 






ISSN: 0277-786X 






page 728 - page 729; figure 6 






-/-- 





Further documents are listed in the continuation of box C. 



Patent family members are listed In annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the International 
filing date 

"L" document which may throw doubts on priority claim (s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

■O' document referring to an oral disclosure, use, exhibition or 
other means 

■P" document published prior to the International filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

■Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

document member of the same patent family 



Date of the actual completion of the international search 

27 January 2005 


Dale of mailing of the international search report 

08/02/2005 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswljk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Eisner, K 



Form PCT/ISA/21 0 (second sheet) (January 2004) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intern^Ptal Application No 

PCT/US20O4/020332 



C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 1 489 461 A (ASML NETHERLANDS B.V) 
22 December 2004 (2004-12-22) 



paragraphs '0008!, '0048!; figures 2,3 

US 2004/136494 Al (LOF J0ERI ET AL) 
15 July 2004 (2004-07-15) 



paragraph '0060!; figures 4,5 

EP 1 489 462 A (ASML HOLDING N.V) 
22 December 2004 (2004-12-22) 



paragraphs '0020!, '0021!, '0025! - 
'0034!; figures 1,4 



1-3, 

5-13,15, 
16, 

18-22, 
24-31 



I- 3,5-7, 

II- 13, 
16, 

19-22, 
24,26-31 



I- 7, 

II- 14, 
16,17, 
19-24, 
26-31 



Form PCT71SA/210 (continuation of second sheet) (January 2004) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Intern^pal Application No 

PCT/US2004/020332 



Patent document 




Publication 




Patent family 




Publication 


cited In search report 




date 




member(s) 




date 


WO 9949504 


Al 


30-09-1999 


AU 


2747999 


A 


18-10-1999 


EP 1489461 


A 


22-12-2004 


EP 


1489461 


Al 


22-12-2004 









EP 


1486827 


A2 


15-12-2004 


US 2004136494 


Al 


15-07-2004 


EP 


1429188 


A2 


16-06-2004 








EP 


1420298 


A2 


19-05-2004 








EP 


1420299 


A2 


19-05-2004 








EP 


1420300 


A2 


19-05-2004 








JP 


2004165666 


A 


10-06-2004 








JP 


2004289126 


A 


14-10-2004 








JP 


2004289127 


A 


14-10-2004 








OP 


2004289128 


A 


14-10-2004 








US 


2004207824 


Al 


21-10-2004 








US 


2004211920 


Al 


28-10-2004 








US 


2004160582 


Al 


19-08-2004 








US 


2004165159 


Al 


26-08-2004 



EP 1489462 A 22-12-2004 US 2004257544 Al 23-12-2004 

EP 1489462 A2 22-12-2004 



Form PCT/ISA/210 (patent family annex) (January 2004) 



